Background: Obstructive pneumonia, a synonym for endogenous lipoid pneumonia, is often seen in patients with lung cancer, but details of this condition are still uncertain.
INTRODUCTION
In lung cancer, especially in squamous cell carcinoma of the lung, airways are frequently obstructed by tumor invasion. Radiographically, this condition was recognized as atelectasis and opacification of lung parenchyma distal to an obstructed airway (1,2).
In 1949, McDonald et al. (3) first described the latter finding as 'obstructive pneumonitis', which is characterized by the presence of bronchial obstruction and the accumulation of lipid-filled macrophages. Although it had previously been believed that the obstructive pneumonitis was caused by infection mainly in the obstructed bronchus (3, 4) , in fact the condition is due to a non-infectious process, such as physical or chemical effects of airway blockage (1,2,5). Thus, we now understand that obstructive pneumonitis (obstructive pneumonia) on radiographs is synonymous with golden pneumonia in gross pathology and with endogenous lipoid pneumonia, which is characterized by numerous foamy macrophages in the air spaces with some degree of interstitial mononuclear infiltration (6) .
In spite of the terminology 'obstructive', the obstructive effect sometimes accounts for a much larger infiltrate on the usual chest radiograph than is caused by the tumor alone (6,7), but there have been few radiolopathological studies of this condition. We therefore assessed the radiolopathological details of this controversial pneumonia.
MATERIALS AND METHODS
Between 1989 and 1993, 147 consecutive patients underwent lobectomy or pneumonectomy for lung cancer in Tokyo National Chest Hospital. Based on gross pathological inspection of the resected lungs, 44 of the 147 cases were found to have golden pneumonia. Radiographic review of the 44 cases revealed opacification oflung parenchyma in 38 cases and lobar atelectasis in six cases. Five of the 38 cases also had abscess formation that represented evidence of active bacterial infection and we deleted 
RESULTS
them from this study. We therefore studied 33 of 147 cases (22%) radiolopathologically.
In each of these 33 cases, lung specimens were obtained , fixed in 10% formalin and cut sagittally in 1 cm slices. Subsequently, we examined the relationship between the tumor and pneumoni a by gross inspection of the lobar, segmental and subsegmental bronchi. Next, we investigated histopatholo gical details of the tumor and pneumonia and also evaluated the relationship of these pathological findin gs with radiographic fmdings, including those by both plain and computed tomography (CT) chest radiographs of all patients, which were taken within 3 weeks before surgery. Further, we also reviewed medical records before surgery, which included results of bacteri ological tests.
Statistical analysis was evaluated by the chi-squared test and P values of S;;O.05 were considered to be significant. The ages of the 33 patients (28 men and 5 women) at presentat ion ranged from 39 to 82 years (mean 61 years). None had had prior chem otherapy or radiotherapy before surgery, nor had they any history of intake of oily substances (in Japan, oily substances are not used to treat sinus symptoms or constipation). Lobectomy was performed in 24 patient s and pneumonectomy in nine. The pathological stage of lung cancers was Stage I in 13, Stage II in five and Stage III in IS patients. Lipoid pneumonia was found in 16 of 89 (18%) adenocarcinoma cases, in 17 of 55 (31%) squamous cell carcinoma cases and in none of the three small cell carcinoma cases. The frequenc y of lipoid pneumoni a was higher in squamous cell carcinoma than in adenocarcinoma cases, but the difference was not signific ant (P = 0.11). The pneumonia was then classified into three types as shown in Fig. 1 : type I pneumonia was localized to the lung parenchyma distal to an airway obstructed by a tumor (pure obstructive pneumonia); type II pneumonia had the features of type I but with consecutive spreading to the adjacent segment whose airway was not affected; and in type III pneumonia, there was spreading to an isolated segment in addition to the feature s of type II.
Type I pneumonia (23 cases) was radiographically identified as a small, sparse opacification around the tumor shadow (Fig. 2) , pathologically corresponding to air spaces filled with an accumulation of foamy or vacuolated macrophages (endogenou s lipoid pneumoni a) accompanied by eosinophilic proteinaceous materi als within the air spaces (Fig. 3) . The degree oflymphocytic infiltration to the alveolar wall and/or intra-alveolar organization varied among the cases. Type II pneumonia (five cases) was radiographically shown to have a reticulonodular shadow and pathologically found to be lipoid pneumonia, similar to type I pneumonia. Type III pneumonia (five cases) was radiographically indicated by a widespread reticulonodular shadow (Fig. 4) and with some pathological elements corresponding to type I lipoid pneumonia, such as the accumulation of foamy or vacuolated macrophages in the air spaces . The pneumonia in the isolated segments was not accompanied by eosinophilic proteinaceous materials within alveolar spaces (Fig. 5) .
The relationship between the type of lipoid pneumonia and the features of cancer is shown in Table 1 . Three patients who had small tumors (S;30 mm in diameter) all had type I lipoid pneumonia, but in cases with larger tumors, there seemed to be no correlation between tumor size and type of lipoid pneumonia. In both histological types, type I pneumonia was the most common pattern. However, there were some differences in the distribution of the patterns. The majority of cases ofsquamous cell carcinoma manifested type I pneumonia (14/17), whereas about half of adenocarcinoma cases (7/16) manifested type II or III pneumonia. Evaluation of cancer cell differentiation revealed that the proportion of poorly differentiated carcinoma cases rose in type II and rose further in type III pneumonia. In relation to patterns of lipoid pneumonia, radiographic features of the lung cancers were also analyzed ( Table 2 ). It was revealed that the lung cancers were frequently cavitated in cases accompanied by type II and III pneumonia and that, especially, type III pneumonia was frequently seen in cavitated, poorly differentiated adenocarcinoma cases. A review of clinical data revealed that pathogenic bacteria , such
as Pseudomonas aeruginosa and Klebsiella pneumoniae, was detected in sputum culture of six patients (two patients in each of types I, II and III pneumonia) and intravenous antibiotics were admini stered to these patients before surgery. In these cases, histopathol ogical observ ation revealed that neutrophili c infiltration was localized in the obstructive airways of major components of lipoid pneumonia with minimal parenchymal involvement and that neutroph ilic infiltration in non-obstructive airways was not evident in adjacent components in type II pneumonia or in an isolated comp onent in type III pneumonia .
DISCUSSION
We have demon strated that endogenous lipoid pneum onia in lung cancer often spreads distal to the non-obstructive bronchu s and we classified the pneumoni a into three types. Type I pneumonia was identical with pure ' obstructive pneumonia' , and the most interesting pattern of lipoid pneumonia in this study was type III lipoid pneumonia (the combination of obstructive and non-obstructive pneumonia). The pathogenesis of lipoid pneumonia is complex and has been thought to be related to several mechanisms, such as retained epithelial secretion (2, 6) , cell breakdown (6), leakage from vessels (6), prolonged hypoxia (5) and local oxygen and carbon dioxide tension (8) . In the present study, type I pneumonia may be associated with all or some of these mechanisms. Eosinophilic proteinaceous materials in the air spaces are also caused by similar mechanisms, such as a transudate from alveolar capillaries, retained surfactant and secretions of Clara cells (2) . In type III lipoid pneumonia, however, mechanisms of lipoid pneumonia in the isolated segments (non-obstructive pneumonia) seem to be different from those of type I lipoid pneumonia, because physical effects of obstructive bronchus, such as leakage from vessels, hypoxia or local oxygen and carbon dioxide tensions, do not extend to the isolated segments whose airway was not obstructed. Lack of eosinophilic materials within air spaces in non-obstructive pneumonia also suggests that the pneumonia was not associated with local physical effects. Therefore, we consider that non-obstructive lipoid pneumonia may be associated with transbronchial dissemination of breakdown products of cancer cells, especially those of poorly differentiated adenocarcinoma cells and secretions including mucin, because type III pneumonia was frequently seen in cases with cavitated adenocarcinoma. Type II pneumonia may be influenced by such transbronchial dissemination in addition to the local effect seen in type I pneumonia. As for the contribution of infectious changes to endogenous lipoid pneumonia, infection is generally localized in airways because the surrounding lung is already consolidated by the non-infectious inflammatory changes, limiting the spread of bacteria (2) . We also consider that infectious changes may not have been associated with progression of type II and III pneumonia in this study, because neutrophilic infiltration was localized only in obstructive airways of major components of lipoid pneumonia.
The cause of the differences in radiographic images between type I, II and ill pneumonia is unclear, but it may be associated with differences of degree of pneumonia and of concomitant lesions, such as intraalveolar materials and/or organization.
